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THE SUGAR-BEET NEMATODE is established 
in practically every- important beet-growing sec- 
tion of the western half of the United States. In 
some sections its control is one of the major prob- 
lems eonfronting the beet-sugar industry. In other 
western sections, if effective control methods arc 
neglected, the nematode doubtless will soon become 
c([ually serious. 

This nematode is found only in sections where 
sugar beets have been grown for many consecutive 
years without crop rotation, enabling the pest to 
become well established and widely distributed over 
the fields. 

Practical control is now effected in some of the 
worst infested areas by practicing crop rotation. In 
some of the newly infested districts the spread of the 
pest is being checked by the elimination of infested 
fields from beet culture and the rotation of crops on 
the fields as yet Tree from infestation. 

This bulletin summarizes the results of seven years 
of field investigations of the sugar-beet nematode in 
the Western States. After a brief discussion of the 
present known distribution of the nematode, its life 
history, common sources of infestation, and host 
plants, practical methods of control are outlined. 
The new data on control derived from actual field 
results will enable the beet growers and sugar com- 
panies to formulate plans to reduce to a minimum 
the losses from this pest. 
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DISTRIBUTION OF THE NEMATODE 

THE SUGAR-BEET NEMATODE ^ has been known to be pres- 
ent in the United States for almost 20 years. During this time 
new infestations have developed in such numbers and old infested 
areas have so inereased in size that in many seetions the control 
of the pest now ranks as one of the major problems confronting the 
beet-sugar industry. The aeeompanying map (fig. 1) shows the 
present known distribution of the nematode and includes several new 
unpublished reeords of infestation in Colorado, Idaho, ^lontana, 
and Nebraska.^ These new, widespread infestations indicate that 
eventually every important beet-growing seetion in the AVestern 
States, will probably beeome infested. The States west of the Mis- 
sissippi River arc in greater danger of serious infestation beeause 
beets often are grown on the same land for many sueeessive years, 
a praetiee that fortunately is not eonuuon in the Central States. 

The present degree of infestation in the various btates is as 
follows : 

California.— The princlijal beet-growi«ir areas adjacent to the sugar factdiies 
at the followlns places ai-e generally infested: iJetteravla pUlno Los Ala- 
mltos, Los Angeles, Oxnard, Salinas, Santa Ann, and Spreckels. A few fields 
are known to be infested near Alvarado, Lompoc, and Pleasauton 

Utah.-Many fields are infested in the territory supplying the f'>cto''e^ 
Brigliam, Hooper, I.ehi, Lewlston, Logan, Ogden, Payson, Smitlifleld, Spauisli 
Fork, Springvllle, and West Jordan, and in the viclmty of I'rovo aiid^^^^^^ 
Lake City, and a few infestations are known at Cornish, Gfirlnnd, Lajton, 
Moroni, and Richfield. 

^ Heterodera schachiii Schmidt. _ , - rknin^. nf Qntrnr PInnts for 

'The writer is indebted to L. A. GiddinRS, '"""''rtJ' "tl''* ^ka^^^^^ 

malclng the surveys of northern Colorado. Slontana, and NeBrasKa ana coiieniuB 

on nematode distribution in those States. 
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Idaho.- -A few infested lielils are known near Blackfoot, Idaho Falls, and 
SuKnr (Mty.' The territory south of Preston and tlint supplylns; the AVhitney 
factory is generally infested. 

Colorado. — No part of tliis State is seriously infested. In the northern section 
about Hit fields from tlie followiiif: factory distrif.-ts, IJrush, Eaton, Fort Collins, 
Fori .Morgan. Clrooley, Lonsnioiit, Lovclaiul. Sterling, and Windsor, are known 
to harbor the nematode. Infested fields have also been reported at .Julesburg. 
In the Arkansas ^'alley scattered infestations are known at nniny points be- 
t\ve(Mi I'neblo and the Kansas line, the infestation beinj; nnist serious at Avon- 
(laU\ Mnnzanola, Rocky Ford, Susiir City, and Vineland. 

Nebraska. — Only two fields in this State are luiown to lie infested. These are 
at (Jerinif. 

Montana. — A single infe-stefl Bold is located near the Hillings factory. 



OREGON 



IDAHO 



SaOAKOTA 



NEVADA 



VCALIFORNIA 



NEBRASKA 




ARIZONA 



NSW l4EX(CO T6<M$ 



Fill. 1. — Map .sliowlnc piosont known dlstrilnition of tlie sUKiu-liect iipmatofle. In- 
fested aruag are sliown ns I>lnck spots 

LIFE HISTORY OF THE NEMATODE 

The form of the sugar-beet nematode commonly seen in the field 
is the female, which appears as a small, milky-white, lemon-shaped 
body clinging to the beet root. (Fi<r 2.) Practically speaking, the 
female is a ina«s of from 100 to GOO nematode e<jg8. (Fig. 3.) From 
thes' eggs hatch small, slender worms or larvi« which average one- 
sixtioth of an inch in length. (Fig. 3.) They are equipped with a 
strong spearliko organ in the month (hg. 4), with which they make 
an entrance into the beet root. Here they feed on the plant juices 
and soon molt. 

Up to the time of molting there is no visible difference in the sexes, 
but afterwards there is little similarity. The males remain long 
and slender, soniewliat like the laryffi, except that they are several 
times as large and have blunt rounded t«ils. (Fig. 5.) After matur- 
ing they break from the root-s and go in search of the females. 



' From diita on Idnlio furnlstipd bv E. O. Titus, director of ajtricultnral rr-Kcarch, Utah- 
Idntio Sugar Co., Salt l^ke City, Utali. 
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After molting tlie females are flask shaped. As their size increases 
thev break through the root tissues and remain attached by their 
heads. At this stage 
they are fertilized 
by the males and 
soon develop into 
lemon-shaped bod- 
ies. A gelatinons 
fluid is excreted, 
which collects in a 
mass about the pos- 
terior end. Into 
this mass many of 
the females deposit 
eggs, ^Yhich soon 
hat-'h.the larvjp find- 
ing thtir way into 
the soil or into the 
beet. The nnniber 
of eggs deposited 
varies from a few 
to upward of a 
hundred, and - since 
several generations 
occur each season 
there are soon 
c n o r m o u s ntnn- 
bcrs capable of at- 
tacking the beets. 
(Fig. (5.) 

As the season ad- 
vances many of the 
females change in 
color from white 
to clark brown. 1 Ly- 
coming what is 
commonly k n o w n 
as the "^broAvn-cyst 
or preservation 
form. In this form 
the dead body of 
the female scrve« 
as a p rote e ting- 
sac for the eggs, 
which remain dor- 
mant. If sugar 
beets or other fa- 
vorable host plants 
are grown the fol- 
lowing year, most 
if not all . of these 

eggs hatch. However, if no host plants 
a few of the larvaB hatch, the remainder 




toik -infested sugar lieet. The small white bod- 
ies on tlu root.; are female n<?mntodes. (Actual size) 



FKJ. 2 



are present, only 
lying dormant in 
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the 
how 



eggs. 



This condition may prevail for 
not known definitely, but 




Fio. 3.- '"vat form of the sugar-beet nematode whleh has 
been cnislied In order to show the eggs and larvie. (Mag- 
nifled liJ times) 



several years. Just 
few remain at the 
end of five or six 
years.* 

HOW TO DETER- 
MINE NEMATODE 
INFESTATION 

The first evidence 
of nematode injury 
commonly noticed 
is the appearance 
of small areas in 
the field which pro- 
duce no beets or 
only a few under- 
sized ones. (Fig. 7.) 
Unless a consider- 
able quantity of in- 
fested soil has been 
hauled into the field, 
it is usually two 
or three years after 
infestation before 
attention. On severely in- 
away just after thinning. 



these areas are large enough to attract 

fested areas the beets wilt and wither j 

often only a few remaining. These do not make such rapu growth 
as those outside the infested area. If the infestation is only slight 
or moderate, and if the moisture and cultural conditions are tavor- 
able for growth, the beets may not die but simply make less growth 
than normal beets. As the season advances these will be found 
to wilt much more readily on warm days. 

If one of these in- , 
fested beets be care- 
fullv dug up, it will 
be found small and 
stunted, with many 
more small roots 
than the nor m a 1 
beets have. (Fig. 8.) 
In some instances 
the entire taproot is 
covered with these 
small roots, many 
of them being brown 
and dead. If nema- 
todes are present, 
an examination will 

usually reveal the j. 
small, lemon-shaped, white bodies of the females clinging to the roots. 
Later in the season they often are found on the beet it self. At th is 

* THOENF. GERAI.n. T.EXOTII OF THE DORMAXCY PERIOD OP THE SUOAR-BEET XEMATODE IN 

UTAH. V. S. Dept. Asr nr. 2«2, 5 pp. ISS.f. 




I'lo. 4.— Head of larvn of the sugnr-boet nematode, show 
ing the 8i)inr with wlileh It works Its way into the beet 
root. (MnKnlfird 1,000 times) 
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time it will iM-obablv be noticed that many of them arc becoming 
brown— the development of the bl•o^vn-cyst stage. These visible 
forms of the nematode are not able to move at mt 
all, and the observer should not confuse them « 
with the sugar-beet aphis," which is a true 
insect several times as large as the nematode 
and which can be seen to move about slowly. 
These aphids are commonly found in dry sjwts 
in the field where the beets 
resemble somewhat those in- 
fested with nematodes. 

Occasionally it is very diffi- 
cult to find the nematodes on 
the beets even in severely in- 
fested fields. This condition 
usually prevails in fields that 
are very dry, the nematodes 
having died from lack of 
moisture. Careful examina- 
tion of such fields will some- 
times reveal some of 
tlic brown cysts at- 
tached to the roots, but 
it is usually necessary 
to make a soil te^t, as 
described in the next 
paragraph. 

It is possible to de- 
termine \rhcther sus- 
pected areas are in- 
fested even if beets are 

not growing on the 
land, as in the winter 

or when other crops 

are planted. This is 

best done by taking a 

small quantity of soil, 

preferably dry, from 

the suspected areas and 

dropping it into a glass 

of water. If any con- 
siderable number of 

nematodes are present, 

some of the brown cysts 

will immediately rise to 

the surface, where they 

gather on the glass and 

appear as small, lemon- 
shaped, bright - brown 

bodies that are easily 1 1 • u vi 

distinguished from tlie black weed seeds and other rubbish with 
which thev ma^' be associated. For one not accustomed to tlieir 




5. — Male 8ugar-bet>t nematode. 

times) 



X480 

(Masnifled 400 



' PetltpMgaa betae l>oan<». 
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a))pearnnoe it maj- bo difficult to be certain of them, and a small 
hand lens -will be of service in identification. 

Beets infested with nematodes appeiir to b(> more susceptible to 
leaf spot,- Phoma, and other leaf diseases, because of their weakened 
condition. For this reason diseases are sometimes assumed to be the 
cause of inferior growth when the actual primary cause is nematode 
injury to the roots. In the Arkansas Valley in Colorado, the pres- 
ence of small areas of leaf spot in the fields was often found to be as- 
sociated with nematodes, and bo- 
cause of the leaf spot the infesta- 
tion was overlooked for several 
years. 

Other causes which produce an 
appearance similar to that of 
nematode injury are alkali spots 
in the soil, attacks of the garden 
or root-knot nematode,* excessive 
moisture, and dry s\)ots. In fact, 
it is absolutely necessary to make 
a careful examination of the beet 
roots or of the soil and find tiie 
nematodes before their presence 
can be known for a certainty. 

SOURCE OF INFESTATION 

The source of sugar-beet nem- 
atode infestations in the United 
States is not definitely known. 
Tt is possible that the nematode 
may be native to this country, 
but this has not been proved. 
Another explanation is that it 
came from Europe in small clods 
of dirt mixed with beet seed.' 
The brown cysts filled with egf^s 
could easily "^be carried in this 
manner. These would be planted 
with the seed and from them colonies of nematodes would be 

"^'Afiet becoming established in a field the nematodes ai-e spread 
over it in many ways. Farm implements, especially cultivato is 
levelers, and haiT0ws,\lrafr particles of soil ^«" «™"gthe nematodes 
from the infested areas and scatter them in other parts of the held. 
Wation water running over infected soil picks up the cysts and 
larv^ an<l deposits them alonfr the furro^ys, ''■^'^.^.''Zr'lTr'Tvlas 
soon established. Often the infested area m a field is o^ly 3 or 4 lods 
wide and several times as long, following the course of irrigation and 
cidtivatiou. (Fig. 9.) Livestock tramping over » wet held ni'iv c^i ly 
cysts in the mud on their feet and thus transfer the nematodes to 

" Ifrti niilrm railiricoln. <j„„„r l>lnnt<! niid now with the Ampricnn 

plckod from Imported seed. (Verbal communication.) 




portion 
■lu-(l li-iiuik- 



cmitiiliilng 



1 beet 
lU'inu- 

CKgs. 



Fig. C— Sketch of 
roi>t, sliowiilK iitUlc 

tode with eSR sue ,, -.7- „ 

Some females deposit no eggs "H'-IV^^, 
otliurs produce upward of 100. tiiag- 
1)1 Ucd XO times) 
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other parts of the field. It is doubtful if the natural migration of 
the nematodes themselves will carry them more than a rod in a 
beason, therefore these otlier ageneies are those whieh should be 
considered in preventiiifr tlieir spread. 

From farm to farm the nematodes are carried by ma(.-hinery, live- 
stock irrigation water, or anv other a^^ency that will transport the 
infested soil from one place to another. The custom common with 
farmers of receiving back into their wagons the dirt from the beets 
which have been delivered at the unloading station doubtless has been 
chiefly responsible for the rapid increase of nematode infestations. 
Some of tlie soil from infested boets often collects on the dump 
screens, is iarred loose bv the load of beets following, and finds it« 
way into tlie wagons of other fanners. Formerly this dump dirt was 




jl2 



Yjc, 7 — TvplcH recentLv Infested aie;i only thie« or four rows wiae. . ^1""^ 0' J-];'^ 
iVifostml heets were klHcd just after thlnnlns time, whereas tUOHe 11 fpw fret awny 
w,>re unmjurcKj T^^^ this spot inoreusrd to three times the area 

shown !u'r(^ 

returned to the fiekl, but now the growers, reali:^ing the danger of 
infesting their fields with nematodes, usually dispose ot it in holes, 
swamps, or waste corners Mhere there is less danger ol its reaching 
the fields. Proper disposal of dump dirt should be insisted upon in 
all districts where infestation is likely to occur. 

HOST PLANTS OF THE NEMATODE 

A knowledge of the host plants of the_ .sugar-beet nematode 
essential when planning crop rotations for rts control, iortunateiv 
the nematode is restricted to a few of the common crops and a small 
numljer of weeds. This makes it a comparatively simple matter ^to 
select a rotation which will effectively reduce the nematede popula- 
tion in any field. 
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The following lists of susceptible plants represent the results of 
hundreds of examinations of tlie various crops in all of the States 
in which the sugar-beet nematode has been found : 

Field crops — Tlie onlv crops found Infested besides sugar lieets are mnnsel- 
wurzel table beet, cabbage, caulillower, raiie, turnip, rutabaga, and ladisli. 
If any of these «rc planted on lienvily Infested soil the plants often are at- 
tacked severely and tlie yield reduced (fig. 10). At tUc same time sucli crops 
enable the nematodes to increase in numbers until it is impossible to grow 
!i successful crop of beets following tliem. 

Weeds —Mustards (Jlrass-ica spp.), lumb's-qunrtors (Chciiopodnim spp.), and 
saltbu>ih '( Ulin/cj? spp.) arc common bost plants of the sugar-beet nematode 

and arc an Important 
factor in carrying it 
over in the field from 
year to year. Knotweed 
( rotygonnm minimum \ , 
dock (Riimcx spp.), 
rcdroot (AmaraniUns 
rrtroflcxus), and purs- 
lane (PorMara olcra- 
cca) also are occa- 
sionally found infested. 
Q'hcrefore clean cultiva- 
tion must be practiced 
during a rotation, or 
these weeds may coun- 
teract much of the 
value of rotation by 
furnishing food for the 
nematodes. 

In Europe some 
crops, including 
peas, oats, and pota- 
toes, and in Hawaii 
sugar cane, which are 
not ILsted here as host 
plants, have been 
reported as suscepti- 
ble to the sugar-beet 
nematode. As such 
infestations have 
not been found in 
the United States, 
however, it may 




8._l!eets from a flelrt In which the crop was a com- 
plete failure because of severe nematode Infestation. 
(About one-third actual size) 

doubtless be safely assumed that they either do not exist m this 
country or are very rare and limited in their distribution. 

GENERAL CONTROL METHODS 
PREVENTION OP INFESTATION 

Noticeable infestation with the sugar-beet nematode is found only 
in fields which have produced many crops of sugar beets with 
little or no rotation. Throughout the Western States it is not un- 
usual for a field to have grown beets almost continuously tor 10 
to 25 years. This condition is ideal for the establishing and vapul 
increase of namatode colonies, .shoiUd a few nematodes chance to 
reach the field through dump dirt, irrigation water, or in any other 
manner. 
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From the point of view of possible nematode Infestations, it is 
therefore of utmost importaiK'e that a crop-rotation system be 
adopted for uniufested fields, where su^ar beets shall be grown not 
more than three years in succession, tnder such a systein of crop 
rotation if nematodes should be introduced into the field they prob- 
ably uo'uld not be able to increase in numbers sufficiently to cause 
perceptible damage. 

ELIMINATION OF SMALL INFESTED AREAS 

Small infested areas often can be planted with other crops, leaving 
the remainder of the field for sugar bect«. Alfalfa is especially 
useful for this purpose, bociiuse there is less danger of spreading 




If ,r n —Ueeta On limd spvei-ely liifestid with nemntodes followlnB one yenr of bar- 
ley This field well UlustratI* how nematode Infestation Is sprend in the direction 
of Irrigation and cultivation 

the infestation than there is if cultivated crops are planted. When 
areas are segregated in this manner, an allowance of 2 or d roUs 
on eacli side of the infested area should be made, as the nematodes 
are always distributed farther than is indicated by the severely 
injured beets. 

PRACTICAL CONTROL BY CROP ROTATION 

A successful rotation is one that will give reasonable returns for 
labor and investment and at the same time increase, if possible, the 
productivity of the soil. In i^lanning a rotation the following points 
must be considered: Severity of the infestation profitable crops 
adapted to tiie field, and general f e*-tility of the soil. 
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JiOTATIOX ADAPTED TO BEVEEITY OF INFKSTATION 

The degree of infestation may be divided for convenience into 
tliree classes — liglit, moderate, and severe. 

Light infestation ineludes those fiehls in which the injury is con- 
fined to one or more small areas which form only a small percentage 
of the total acreage. Light infestations may be controlled by rota- 
tions of only one ''or two years, two years being preferable, since 
alternating years in beets may allow the nematodes to increase until 
the field would be classed as moderately infested. As crops for 
such rotation, peas, beans, white sweet clover, potatoes, tomatoes, 
or other cultivated crops may be used. Wheat, oats, and barley 
should be aYoided. Where convenient, the leguminous crops should 
precede the sugar beets. 



I 

r 




VlG. 10. - A ciiblinj.'e fk'ld "cvert'ly injured liy nemiitoiles 



jNIoderately Infested fields may luive affeeted areas 2 or 3 rods in 
extent, causing a loss of 10 to '20 per cent of the crop. ^Moderate 
infestations should have rotations of 2 or 3 years, and in these the 
crops listed for use with light infestations should be chosen. (Fig. 
IL) Another excellent plan is to reduce the infestation to a light 
condition by 3 or 4 years of alfalfa, after which a crop of beets 
may be grown every third year. 

Severely infestecf fields are those in which one-fourth or more of 
the crop has been destroyed, and these rerpiire a rotation of not 
less than 3 and preferably 4 or 5 years. For this long rotation 
the most common crop used is alfalfa, but if desired the rotation 
may be made up of 1 or 2 years of small grains, followed by 2 or 3 
3'cars of potatoes, peas, beans, etc. Xotwithstandlng the fact that 
thaeo crops have not been found infested in America, they have 
been found infested in iSurope. The grain crop should not im- 
mediately precede the sugar beets. A 4 or 5 year rotation com- 
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iiionly rediiees the infestation so that beets may be grown profitably 
every third year. Alternate eropping with beets is iniKlvisable even 
after rotations of 5 to 8 years. 

Under any system of rotation eareful watch must be kept, and if 
Kerioiis nematode injury appears the length of the interval from 
beet crop to beet crop must be increased. 

ROTATION VALUE OF CHOI'S IX NEMATODE (tJNTBOL 

Alfalfa. — So far iis is known, alfalfa is not attacked by the sugar- 
beet nematode, and since it usually remains for three or more years 




Fui. 11. — liesiilt of rotation (jn mnafiately Infpstod lli'M. In 1020 tliis field pi-oduci'il 
12 tons to tlio noi-fi and liad manv sinull ai'i>a>) infoKtcd. Du'lnf; l!t21 and 102L' 
Imlf was rotatod with potatoes and oats wlille the other half was- kept planted with 
beets. In 1923 the i-otated portion produced 22 tons to tlie acre, whereas the un- 
rotrttcd part was almost a fallnre. The l>M'ts shown wer« taken within 10 feet of 
each other, those on tlic left from the rotated portion, tlip otlicrs from the unrotatid 

after seeding, it has become the most popular crop for rotations 
covering three or more yea-rs. A good stand is essential, because 
weeds will grow in spaees bet^teell plants, and on these the nematodes 
may live over from year to year. Examination of soil from alfalfa 
fields 6 to 12 years old has shown that tlie only nematodes remaiiiing 
are in the spaces between plants whin'o weeds have grown. Since 
alfalfa usually begins to thin out about the fourth or fifth year in 
most fields, it" should not be allowed to remain longer, as the weeds 
which come in serve as host plants for the nenuitodes. After four 
or more years most of the nematodes have hatched out and died, but 
invariably a few live over so diat it is apparently impossible to 
eradicate them completely. (Fig. 12.) 
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Usually it is not advisable to follow the alfalfii inuaediately with 
sugar beets, since many growers find diiliculty in obtaining a. good 
crop, probably because of the fact that it is ditlicult to get a good 
seed bed. If the seed bed is not good tlie young beets fail to got 
a "-ood start in the spring and are moic suscejitible to the attacks 
of "nematodes, damping of!', and other diseases, ^fost growers prefer 
to follow the alfalfa with a crop of jiotatoes, tomatoes, grain, or corn, 
which puts the soil in much better condition for the crop of beets fol- 
lowing. Potatoes and other cultivated crops are ospocially good and 
give better results than the small grains. 

Fields 50 and 51 of Table 1 illustrate this fiwt. After becoming 
severely infested with nematodes the fields were sown with wheat 
and alfalfa, and the alfalfa was plowed up at the end of three years. 




One field was planted with potatoes, the other with wheat, and both 
were followed by beets the next year. The field in which beets fol- 
lowed potatoes gave a yield of 18 tons to the acre, whereas that m 
whicli beets followed wheat prodiir-od only 12 tons. Although the 
difference may not always be so great as this, it is usually very 
noticoable in any field where the effects of cultivated and grain 
crops upon the subsequent beet crop can be compared. This dif- 
ference doubtless is due to the fact that the cultivated crops leave the 
soil in better tilth than do the grain crops. Then, too, barnyard 
manure may be applied after the alfalfa on the fields where culti- 
vated crops are grown, and this contributes to the productiveness 
of the soil the following year. 

As a green-manure crop, alfalfa ranks high. "When used in this 
manner, generally the first or last crop of the season is plowed under. 
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When the silfalfii is turned undci' in tho spi ing, it is iisiiiilly followed 
by a crop of coi'n or potatoes. When tin alfalfa is lai'gc, the dceay- 
in<r or<ranie matter doubtless kills considerable numbers of nematodes. 

Sweet clover. — This leguminous crop is ooming into more general 
use and <riving excellent sati'<faetion as a liay, pasture, and green- 
manuie ciop. When a heavy crop is plowed under, tlie heat and 
fjases of the decayin<r material kill large numbers of the nematodes, 
including those within the brown cj'sts. Examination of soil from 
such fields showed that the num!)ers killed varied from about 5 to 
as high as 2'2 ])ci- cent of the nematodes. 

Sweet clover is not a hoi^t plant of the sugar-beet nematode and 
thei'cfore fits in well for short rotations on slightly or moderately 
infested fields. It is esi)ecially valuable (m pooi ly drained or alkaline 
soils where alfalfa does not thrive. 

Beans. — Since the bean is not a host of the sugar-beet nematode 
and is a legume, this crop is suitable to include in any rotation. One 
crop of beans on slightly infested fields usually will be followed by a 
good crop of beets. Placing one or two bean crops at the end of 
thioc or foiii' year rotation.s is a successful practice on severely 
infested haul, especially in the great beet and bean producing sections 
of California. 

Peas. — Like beans, peas arc an excellent legumiuous crop to iit 
into any rotation in sections where they arc grown in commercial 
quantities. As they are harvested early in the season, an opportunity 
is given to plow the land and allow it to lie fallow the remainder of 
the year, thereby keejjing down weeds and i)utting the soil in good 
condition for the following crop of sugar boets. 

Potatoes.— Potatoes arc perhaps the most popular cultivated crop 
used in rotations and give excellent results either in a one-year rota- 
tion on slightly infested fields or when included in longer rotations. 
They are especiiiUy good as a crop to precede sugar beets after 
long rotations of alfalfa. After a crop of potatoes the soil is in 
excellent tilth, which is of importance in providing a proper' seed 
bed for the sugar beets following. Then, too, barnyard manure 
is often used with the potato crop, and this also benefits the follow- 
ing beet crop. 

Wheat. — AVheat has proved to be one of the pooi'est crops to use 
in short rotations. Sugar beets grown after one or two years of 
wheat I'ai'cly yield uuire than before the rotation, even when barn- 
yard manui'c is api)licd. (Fig. l-l.) It is usually grown as the nurse 
crop for alfalfa — a very successful practice, and one or two crops 
maj- be included in longer rotations, provided that some leguminous 
or cultivated crop precedes the sugar beets. Wheat is not a host of 
the su<:ar-beet nematode, but very often weeds such as mustaixls and 
lamb's-qmirters grow abundantly in wheat fields and furnish food for 
(he nematodes. 

Barley. — Although not a host plant for the sugar-beet nematode, 
barley ranks no better in rotations than does wheat. It may be used 
' in long rotations but rai'ely gives suceessfid results in one or two year 
rotations. 

Oats. — This ciop has been reported in Europe as susceptible to 
attack by the sugar-beet nematode, but careful examinations of outs 
grown on more tlian 30 severely infested fields have failed to reveal 
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a sin'^-le instance of susceptibility. It seems safe to assume, tlieve- 
fore lhat the oat is not a common host ])lant nnder the conilitions 
here dealt with. In short rotations it -xivos no better results than 
wheat and barley, but it may be inchided in longer rotations. 

Corn.— This is a good crop to use in any rotation but does not 
seeiu so desirable as the leguminous crops or potatoes. 1 ho stubble 
often creates some difficulties in drilling and cultivating a following 

■beet crop. , , . , , 

Tomatoes.— The tomato is not a host plant of the sugar-beet nema- 
tode and can be grown successfully in either short or long rotations. 
As a crop preceding beets, it usually gives good results. 

Truck or garden crops.— Because of the high soil fertility main- 
tained in truck gardening, many of the crops grown make excellent 




Ki<; 1."..— 'ryplcHl rosult ..t ••.ttomptluB a crop of be.'ts on severely Intestod soil aitw 
one year o( wheat. The liifec-tea ams are a totnl ions 

rotations on nematode-infested land. Onions are espec^ially good. 
However, the following should never be planted on intoKted soil. 
Cabbage, cauliflower, table beet^, mangel-wurzels, turnips, rutabaga,.. 
and radishes. These are host plants of the sugar-beet nematode an.l 
very often are damaged severely. 

VALUE OF FKKTII.IZKRS IX >K>[.\T01)K COXTllOI. 

The production of a successful beet crop depends upon how Atell 
the soil fertility is maintained, regardless of whether or not tlie sou 
is infested with nematodes. In .some beet -growing sections, espe- 
eially many of those in Galifornia, the soil has ^«^eii depleted an<l 
yields have been reduced to a point where it would be difliciilt to 
produce a profitable crop even if nematodes and other diseases were 
not present. 
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When neniiitodcs are prescntj it is all tlio more imperative that 
the soil fertility bo niiiiiitained. If beets do not make an immediate, 
thrifty gi-owtli from the bejrinning of the season, a comparatively 
small number of nematode^ will so cheek <>i'o\vth that the yiehl may 
he sorionslv redneed. Howevei'. if the young b.'cts grow thriftily, 
they will not be injured iierceptibly by the nematodes even though 
they are present in considerable nmubers. 

Barnyard uiannre if. ordinarily the only fertilizer applied, and in 
sections" where tlie farms are small and livestock are kept it has been 
possible to maintain a nearly normal production of sngar beets and 
other crops. 

Green manures are becoming more popular, and some sectmns must 
velv upon them almost entirely, since it is impossible to obtain 
suilicient quantities of barnyard' manure. Sweet clovei- an(l alfalfa 
are used most commonlv for green manure and give good satisfaction 
when plowed under pi'oi)erly. Excellent results have been obtained 
with them on some fields' severely infested with the sugar-beet 
nematode. 

Ht.VKKITS or KAItl.Y IM.ANTl .\<. 

Planting as eailv as the season will permit is advisable, regardless 
of whetluT or not the field is infested with sugar-beet nematodes. 
The voung beets get a better start and are better able to withstand 
the attacks of neuiatodes. insects, and diseases that may appear later 

in the season. ^ , ■ , • , i. 

This is especially true with regard to helds infested with sugar-beet 
ucuialodes. even though the lield has been given a suitable rotatiom 
Earlv in the season a small number of the larvK' will hatch and 
emerge fiom tiie lirown cvsts. and unless the young beets are fairlv 
well established, there is some ihinger of their growth being checked. 

KE.Sl-LTS OF VABIOrS CHOP ROTATIONS 

Table 1 "ives the results obtained from various crop rotations 
luider actuaT field i)ractice. All of these fields were severely infested 
with the sugar-beet nematode. However, there is a considerable 
diiference in tiic degre(' of infestation, varying from fields on which 
the crop was a total loss to those from which a yield of 12 or 14 t-ons 
was produced. These latter Hold'- usually had large areas on which 
the beets were free of nematodes or but slightly infested. 

Praetically all of these fields are located in I'tah and represent the 
better class of soils which under ordinary conditions produce from 
14 to 25 tons of sugar beets to the acre. In nearly all instances barn- 
yard manure in varying quantities was applied before the beet crop. 
'On many of the fields it bad boon a|)plied on preceding crops ot 
potatoes, tomatoes, etc, i . i 

The reader should rememb'-r tlmt on slightly and moderately 
infested fields the one and two year rotations will give better results 
than they did on these severely infested fields. 

The fi'gures on tonnaj^e were obtained partly from growers anti 
partly from sugar-company records. There may be some errors in 
the yields given for fields before the crop rotations, because of lack 
of written records on inanv fields. In such instances the figures on 
yields have been obtained' from estimates of the tonnage given by 
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growers and sugar-company field men and in general are doubtless 
Tftirly Hccurate. 

Table I.— Various crop rotaHmis and their remfwi 1o the control of the nuoar- 

heet nematode 



Rotation period 
and Qeld designa- 
tion 



Crops used in rotation 



1 year: 

Field No. 1— 
Field No. 2.. 
Field No. 3.. 
Field No. 4-- 
Field No. 5- 
Field No. 6.. 
Field No. 7... 
Field No. 8... 
Field No. 9- 



2 years: 

Field No. 10. 
Field No. 11. 
Field No. 12. 
Field No. 13. 
Field No. 14. 
Field No. 15. 



Potatoes 

.-..do 

Wheat 

....do 

do 

do 

Barley 

Cabbage 

Truc^ gEUrden. 



Aere yields of heels 
(tons) 



Before 
rotation 



9.4 
13.5 
11.0 
(') 
2.5 
4.0 
3.5 
8.2 
6.2 



After 
rotation 



Average.. 



Wheat, wheat 

do 

do 

Potatoes, potatoes.. 

do 

Wheat, potatoes,... 



Field No. 16 do. 

Field No. 17 .-do -- 

Field No. 18 . Barley, potatoes 

Field No. 19.. Wheat, peas.. 

Field No. 20.- Peas, potatoes 

Field No. 21-- Potatoes, peas 

FleldNo.i::i Whmt'aidswee\'"etov^^^^^^ 



6.37 



Average. 



i years: 

Field No. 24.. 
Field No. 25.. 
Field No. 2B.. 
Field No. 27.. 
Field No. 28.. 
Field No. 29.. 
Field No. 30.. 
Field No. 31.. 
Field No. 32.. 
Field No. 33.. 
Field No. 34.. 
Field No. 35.. 
Field No. 36.. 
Field No. 37.. 
Field No. 38.. 
Field No. 39.. 



4 years'. 

Field No. 40. 



Field No. 41. 

Field No. 42. 
Field No. 43. 
Field No. 44. 
Field No. 45. 
Field No. 46 



Wheat, wheat, wheat 

Wheat, wheat, potatoes 

do - 

Wheat, nurserj' stock 2 years 

Potatoes, wheat, potatoes 

Potatoes 3 years 

Cabbage, cabbage, potatoes. 

Wheat, potatoes, cucumhers. n, 

.do - - 

Wheat and alfalfa, alfalfa, potatoes v;"";"' 

Wheat and sweet clover, clover as green manure, potatoes. 

Wheat and sweet clover, clover as green manure, corn 

Wheat and alfalfa, alfalfa 2 years 

do 

..do 

..do 



8.0 
12.0 

(') 

0) 
u.o 

14.0 

14.0 
9.6 
8.6 

(') 
7.2 
9.0 

(') 

0) 



.01 



Average.. 



Wheat, wheat with sweet clover.clover plowed undwfor manure, 

Com," wheat, oats, and alfalfa, green alfalfa plowed uiider fol- 
lowed by potatoes. 

Wheat, wheat, wheat, potatoes -- 

Tomatoes, potatoes, tomatoes, potatoes - 

Wheat and alfalfa, allklfh 3 years 

do - 

do 

Field No. 47 .1 do--L - 

Field No. 48--, do - ".""".I"--" 

Field No! soil "wheaVand ilYaiia'aifalfaTyeais, potatoes 

Wheat and alfalfa, alfftlfa 2 years, wheat • 



Field No. 51.. 



.Werage. 



5.0 
16.3 
9.0 
2.5 
4.0 

(') 
(') 

9.0 
4.0 

.5.53 



9.0 
14.3 
4.0 
7.1 
24.6 
14.0 
12.0 
17.1 
13.2 
11.6 
11.0 
11.3 
(') 
12.0 



12.38 



7.2 1 


12.1 


U.O 


20.4 


10.0 


17 3 


8.3 


8.0 


12.0 


13.6 


12.0 


14.4 


7.0 


8.0 


4.0 


19.7 


4.0 


21.0 


6.0 


9.0 


6.0 


18 0 


6.0 


15.0 


5.0 


12.0 


12.0 


17.8 


6.6 


9.0 


8.6 


29.3 


7.79 


16.29 


8 0 


14.0 


(') 


181 


(') 


16.7 


5.5 


14.6 


9.0 


17.6 


12.0 


18.4 


(') 


16.0 


6.6 


13.2 


8.0 


17.0 


9.0 


16.0 


4.5 


18 0 


4.6 


■ 12.0 


5.33 


16.96 



severely Infested that the bMts wwe plowed up early in the season and other 



t Total loas or so 
planted. „ , , . j 

' No iroprovemwit on smatt areas Infested. 



crops 
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Table l.—Vorhnis orop rotuHons aiid their relation to tho omitroj of the xMfjm-- 
hcct vewofode — Cmitinucd 



Eolation period 
and flold designa- 
tion 



5 years: 

Field No. 52.. 
Field No. 53., 



8 years: 

Field No. 64. 
Field No. 65. 



7 yairs: 

Field No. SB. 

8 yenrs: 

Field No. 57. 

9 years: 

Field No. 5S. 
Field No. 69. 



11 years: 

Field No. 60. 
Field No. 61. 



.Vcre yields of i>eot3 
(tons) 



Crops used in rot^ition 



Wheat and alfalfa 4 yenrs, alfulfn . 

Wheat and allalta, alfalfa 3 years, wheat.. 



.Vverage. 



Wheat and alfalfa, alfalfa 5 years 

Wheat, wheat ami alfalfa, alfalfa 3 years, iwtatocs. 



Before 
rotation 



6.0 

5.5 



After 
rotation 



11.6 
12. 0 



5. 75 



13.3 



Average 

Wheat and allalfo, alfalfa 4 years, iKitatoos 2 years. 
Whoit ami altalth, alfalfa 6 years, jiotntoss 



(') 
9.0 



12.0 
16.0 



14.0 



Wheat and alfalfa, alfalf« « years, wheat, corn. 
Orchard 9 years 



.Average. 



Wheat 4 years, alfalfa 4 years, wheat i years, ixitatoes. 
Wheat and alfelfa 10 years, alfalfa 



.Vverage.. 



9.0 



(') 



16.4 
IS.O 



17.2 



7.0 
12.0 



9.8 



14.0 
18.0 



16.0 



' Total loss or so severely Infested that the beet* wer« plowed up 4-arly in the season 
and otlii'i' <'i'ops planted. 

INADVIS.MilLlTV OV ATTKMPTINO TWO 81CCKSSIVK CROl'B OF ItEKTS OX NEM.VTODE- 

IXFESTED LAND 

■\Vlicn a profitable crop of suL^ir beets in obtained on nematode- 
infested soil after a crop rotation, the grower will probably feel 
that another '-rop the following year should be nearly as suooessful. 
However, this is not true. A second crop invariably falls back to 
approximately the same yield as before the crop rotation. This is 
because the few nematodes remaining after the rotation have greallv 
increased in numbers on the first crop of beets, and thaee attack 
spverelv the second crop. (Figs. 14 and 15.) 

Table 2 forcefully shows the results of attempting two beet crops 
in succession on infested land. 

Table 2.—ResvUs of attempta to prodiiec two siieccssire crops of aiifiar hcctti 
after rotations on tiematO(lc-i)hfente(l /iritis 



Rotation 
period 
(years) 




Wheat and alfalfa, alfalfa 3 years 

Wheat, wheat, wheat, potatoes 

Tomatoes, potatoes, tomatoes, potatoes 

Whe^t and alfalfa, alfalfa 2 years ' ^ 

Wheat and alfalfa, alfalfa 3 years -• " 

Wheat and alfalfa, alfalb 5 years 

Wheat and alfalfa, alfalfh 4 years, potatoes 2 years. 
Orclnrd - 



A v«i»ge. . 



.\crc yields of sugar 


beets (tons) 


First erop 


Rceonil 


after rota- 


crop after 


tion 


rotation 


17.0 ' 


5 0 


16.7 


4.5 


14. 5 


5. 7 


29.3 


9.0 


16.0 


3.0 


12 0 


11.0 


26.0 


11.0 


18.0 


10.0 


18. «» 


7.4 
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CHEMICAL AGENTS INEFFECTIVE 

Xo successful Held method has boon devised to destroy sugar-beet 
nematodes with cheuiicals. It is true that many clieiniciils are 
deadly to them, but it is impossible to obtain deep Gnouph penetration 
of the soil to kill all the nematodes. Invariably a considerable niuu- 
ber esca])e, and when sugar beets are planted again serious infesta- 
tions develop. T'sually only one 'nop is benefited, and this does 
not reimburse the grower for the heavy expense of treatment. 
Following are the results from experiments with sulplinr and with 
calcium cyanide. 

Sulphnr was applied at the rate of 400 pounds to the acre and 
thoroughly disked and harrowed into the soil. On the most heavily 




Fig. 14. — T.vpic.nl result of atfomptlns two successive crops of sua.ir Ijoets on nn 
liifcstPd field. After tliree .vearK of alfalfa thnt part of the fli'ld shown at the 
right was plowed up and planted to suicnr beets, and iiho\it Iti tons to the acre 
were piiiduced. The folhjwluK year the remainder of the field was hrokp.ii up and 
the wliole iilauted witli beets. Not* how (Infinite Is the division between the 
portion pTOilucInK Its fli-st crop and that on which the second sncccssive crop was 
atti'nipted 

infested areas the young beets were killed by the nematodes as usual. 
Where the beets managed to survive, the infestation was severe and 
a count revealed an average of 1,4^0 female nematodes on each beet. 
At the same time beets from check plots on which no sulphur was 
applied had an average of 1.282 females per beet. The yield of 
beets on the sulphur-treated plots was 1,20)0 pounds, compared witli 
1.2.30 pounds from the chock plots. From the data it is evident that 
the sulphur had no effect in reducing the nematode infestation. In 
fact a careful examination of the soil after treatment indicated that 
no nematodes had been killed. 

Galciijm cyanide was disked and harrowed in at the rate of 800 
to l.GOO pounds to the acre. A soil examination showed that all 
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l io. 15. — Coiiipiirisoii sliDwliiK liail i-osult of two succckSIvo hcet crops following crop 
rotation on ii ii«miiloc1o-iiifcstc<1 fle.il. In 1!)17 tlie siiK.ir Ijcrts on (his llcUl wori' 
11 fnllnr* Hooauwe of nematode infcst.-ition. Afttr a ;t-yi'!ir roliilioii of toinntoos, 
potntopB, and tonintocs, cigiit rows of bids were plantcil in lUiil, witli i)otatooK in 
the rcmaliKler of tlic tidd. Tlicsc' < iKiit rows y^sivc a rimkI yiclil. In 1'.12L' tlie entire 
field WHS iilanti'd with lieofs, willi llie ri'suli sliiiwii In .1. Tlie fii lcl Wiis f;<ii«l <'X- 
eppt for the cife'lit rows thnt iiiid iii odin cd a prc'Vion* ci'op of lieets. At harvest 
time these oicljt rows and (he eisjlit ii)w> (m eich shle wi're liarvi'stcd separately, 
as shown in /(. 'i'lie yield from the elj,'lit i ows of the secoiid hi'ot crop was SSI 
ponnds and from .the rows on the rltjht and left 2,048 and :;.4SI1 iionnds, respec- 
tively, or, computed on tin; aere li-i.-^ls, a.C'i, l.'i.l4, ajid Ij.b'iJ tons per acre, 
respectively 
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the nematodes to a depth of 8 inches had been killed, and from 9 to 

14 inclies about half were dead, but below 14 inches none Avero killed. 
At tlie end of tlie season the beets from this plot had an average 
of 1,254 female nematodes on them. 

Following the application of 8U() pounds of the calcium cyanide, 
plowed in to a depth of 10 to 12 inches, soil examinations showed 
that practically all nematodes to a depth of 14 inches were killed, 
except a very few at the surface, where the gas produced from the 
chemical was not confined in the soil. From 14 to 18 inches a few 
were killed, but below that depth they wore not affected. At the 
end of the season beets from this plot averaged 176 female nema- 
todes, and the following year the plot was again severely infested. 

ORGANIZING TO CONTROL THE NEMATODE 

The beet growers and sugar companies of many infested sections 
are now cooperating to control tlie sugar-boct nematode. The prin- 
cipal methods adopted are as follows: 

(1) Where only a few fields are infested, these are planted with 
other crops and beets are not to be grown again on these infested 
areas. "When infested fields are found during the growing season, 
the beets from them are handled scpa lately and not allowed to go 
over the beet dumps while clean boots are being delivered. 

(2) In sections where the infestation is general, the ownei's of 
infested land are aided in selecting the clean portions of their faiins 
for beets, and the infested areas are not planted until they have 
received suitable crop rotation. 

This last program is being carried out in some of the most severely 
infested sections of Utah with very gratifying increases of the aver- 
age tonnage of sugar beets and in the average percentage of sugar. 
These results have come about because nematode-infested boots arc 
not only small but are also always lower in sugar content than 
normal beets, and preventing the production of such beets beuefit« 
both factory and grower. 
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